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EUROPEAN PATENT APPLICATION 



(g) A method of detecting an infection caused by a specific type of virus, primers, probes and a test kit. 

Q) A method of detecting an infection caused by a specific type of vims in a biologica I spe gmen is 
® described The specimen is treated in a per se known manner for the purification of viral RNA and 
taction of a selected RNA sequence to the corresponding cDNA, followed by ^ f ^ { ^g^^ 
of said cDNA by the polymerase chain reaction (PCR) using a first pair of primers, optionally dilution of 
?he PCR product and optionally a second amplification of said cDNA by PCR then sa ^fj^™ J 
identified by hybridizing said amplified cDNA with a labeled probe specific for said type of virus and 
possibly formed hybrides are detected with the aid of the label used. The specific features are tha the 
Scific type of vims is bovine viral diarrhea virus (BVDV) and that the first pair of primers, the optional 
2S5 pafr of primers and the probe are all selected ^m synthetic oligonudeo de sequ^ 
corresponding to oligonucleotide sequences located within the gp48 nucleotide region of 1362 to 1880 

°7Irth B e^^ new probes and a test kit for the detection of an infection caused by BVDV are 

disclosed. 
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The present invention relates to a method of detecting an infection caused by a specific type of virus in a 
biological specimen. More specifically it relates to a method of detecting an infection caused by bovine viral 
diarrhea virus (BVDV). Additionally the invention relates to new primers, new probes and a test kit for the detec- 
tion of an infection caused by BVDV. 

5 

BACKGROUND 

Bovine viral diarrhea virus (BVDV) is one of the most important pathogens of cattle, causing economic los- 
ses of considerable importance throughout the world. 

io The genome of BVDV is infectious, positive-strand RNA (Diderholm and Dinter, 1966), estimated at 2.9 to 

4.4x10 6 Da in size (Purchio et al., 1983; Renard et al., 1985; Collett et al.. 1988)- BVDV is currently classified 
as a member of the family Toqaviridae , genus Pestivirus (Westaway et al., 1985). Propagation of BVDV in cell 
cultures allows the differentiation of cytopathic and non-cytopathic biotypes (cp-BVDV and noncp-BVDV). Both 
biotypes are pathogenic for cattle (Bolin et al., 1985). 

15 There are two disease entities caused by BVDV and occurring predominantly in adult calves: the acute 

bovine virus diarrhea with high morbidity and tow mortality, and the acute or chronic form of mucosal disease 
with low morbidity and high mortality. 

Both entities show suggestive clinical symptoms and lesions. The virus is spread from animals that carry 
a persistent, latent infection but are usually seronegative. These animals are the offsprings of cows in which, 

20 after a primary infection, a transplacental spread occurred during pregnancy. Depending upon the stage of pre- 
gnancy, the transplacental infection may result in abortion or stillbirth, in malformation or - immunotolerance. 
Immunotolerant calves are the virus carriers and extretors but may, after a recurrent infection, develop mucosal 
disease (Brownlie, 1983). 

BVDV also is a frequent contaminant in fetal calf serum, a commonly used component in cell culture sys- 
25 terns. This infection may lead to the BVDV contamination of biological products, e.g. vaccines (Baker, 1987). 

Due to the obvious economic impact of BVDV infection, attempts are made world-wide to introduce effective 
control measures. The aim of these is to break the cycle of transmission by identifying and eliminating the sour- 
ces of infection. 

The conventional virus diagnosis of BVDV infection has been based on the direct demonstration of the virus 
30 in clinical specimens or on indirect detection by assessment of specific antibody response. Virus isolation as 
well as the techniques of immunohistochemistry are the most common methods of direct detection, whereas 
the indirect detection is assessed by various immunoassays. 

The present methods are either insensitive or are unsuitable for large-scale screening. Sensitive and novel 
approaches are needed to trace the spread and circulation of BVDV as well as to study the pathogenesis of 
35 the disease. 

In recent years efforts have been made to develop direct methods based on the demonstration of the BVDV 
RNA by nucleic acid hybridization (Renard et al., 1985; Potgieter and Brock, 1989). 

The present invention relies on the method of polymerase chain reaction (PCR) using new primers for the 
detection of the BVDV genome in specimens. This already wellknown method makes it possible to amplify 
40 selected gene sequences to amounts that allow their detection and identification. The detection and identifi- 
cation are performed in the present invention by hybridization using a new probe. 

The experience we gained on some viral diseases show that the PCR is several orders of magnitude more 
sensitive than the direct hybridization assays (Beiak et al.. 1989; Ballagi-Pordany et al., 1990). 

45 DESCRIPTION OF THE INVENTION 

One aspect of the invention is directed to a method of detecting an infection caused by a specific type of 
virus in a biological specimen, whereby said specimen is treated in a per se known manner for the purification 
of viral RNA and transcription of a selected RNA sequence to the corresponding cDNA. followed by a first ampli- 

50 fication of said cDNA by the polymerase chain reaction (PCR) using a first pair of primers, optionally dilution 
of the PCR product and optionally a second amplification of said cDNA by PCR, then said type of virus is iden- 
tified by hybridizing said amplified cDNA with a labeled probe specific for said type of virus and possibly formed 
hybrides are detected with the aid of the label used. The specific type of virus is bovine viral diarrhea virus 
(BVDV) and the first pair of primers, the optional second pair of primers and the probe are all selected from 

55 synthetic oligonucleotide sequences corresponding to oligonucleotide sequences located within the gp48 nuc- 
leotide region of 1 362 to 1 880 of the BVDV genome. The nucleotide region of 1 362 to 1 880 of the BVDV genome 
is found in the gp48 region of the virus, and the numbering used is the one published by Collett et al. in Virology 
165 , 191-199 (1988). 
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Examples of biological specimens which have been used in the method of the invention are lungs, spleen, 
placenta and serum from cows. A suitable lable for the probe is biotin-16-dUTP or digoxigen.n-16-dUTP. 

In an embodiment of the invention the first pair of primers consist of 19 to 23 nucleotides each, and the 
second pair of primers consist of 27 to 32 nucleotides each. The number of nucleotides in each of the second 
pair of primers is preferably at least 8 more than in each of the f.rst pair of primers, but the primer sizes may 
optionally be the same in the first pair of primers and in the second pair of primers. 

In a preferred embodiment of the invention the primers are selected from the group consisting of 

GGTATGATGG ATGCAAGTGA G 
AAGCAGCGTA TGCTCCAAAC C 
ACTTCAACGC CATGAGTGGA ACAAGCATGG 
CTTTTTTCCT AGTATCCCGA GCTGCTTGCC . 

The probe used in the method of the invention preferably comprises at least 1 00 nucleotides. In a preferred 
embodiment of the invention the probe used is 

GTCATGAATA GAACCCAAGC CAATCTCACT 
GAGGGACAAC CACCAAGGGA GTGCGCAGTC 
ACTTGTAGGT ATGATAGGGC TAG.GACTTA 
AACGTGGTAA CACAAGCTAG AGATAGCCCC 
ACACCCTTAA CAGGTTGCAA GAAAGGAAAG 
AACTTCTCCT TTGCAGGGAT ATTGATGCGG 
GGCCCCTGCA ACTTTGAAAT AGCTGCAAGT 
GATGTATTAT TCAAAGAACA TGAACGGATT 
AGTATGTTCC AGGATACC AC TCTTTACCTT 
GTTGACGGGT TGACCAACTC CTTAGAAGGT 
GCCAGACAAG GA. 

Another aspect of the invention is directed to a primer selected from synthetic oligonucleotide sequences 
corresponding to oligonucleotide sequences located within the g P 48 nucleotide region of 1362 to 1880 of the 
BVDV genome. In the field of genetic engineering primers of the size 15-40 nucleotides are commonly used. 
In an embodiment of this aspect of the invention the primer is selected from primers cons,sting of 1 9 to 32 nuc- 
leotides. In a preferred embodiment of the invention the primer is selected from the group cons.st.ng of 

GGTATGATGG ATGCAAGTGA G 
AAGCAGCGTA TGCTCCAAAC C 
ACTTCAACGC CATGAGTGGA ACAAGCATGG 
CTTTTTTCCT AGTATCCCGA GCTGCTTGCC. 

A further aspect of the invention is directed to a probe selected from synthetic oligonucleotide sequences 
corresponding to oligonucleotide sequences located within the g P 48 nucleotide region of 1362 to 1880 o the 
BVDV genome. The probe preferably comprises at least 100 nucleotides. In a preferred embodiment of the 
invention the probe is 
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GTCATGAATA 
GAGGGACAAC 
ACTTGTAGGT 
AACGTGGTAA 
ACACCCTTAA 
AACTTCTCCT 
GGCCCCTGCA 
GATGTATTAT 
AGTATGTTCC 
GTTGACGGGT 
GCCAGACAAG 



GAACCCAAGC 
CACCAAGGGA 
ATG ATAGGGC 
CACAAGCTAG 
CAGGTTGCAA 
TTGC AGGGAT 
ACTTTGAAAT 
TCAAAGAACA 
AGGATACCAC 
TGACCAACTC 
GA. 



CAATCTCACT 
GTGCGCAGTC 
TAGTGACTTA 
AGATAGCCCC 
GAAAGGAAAG 
ATTGATGCGG 
AGCTGCAAGT 
TGAACGGATT 
TCTTTACCTT 
CTTAGAAGGT 



20 



25 



30 



In the specification and claims the expression "synthetic oligonucleotide sequences corresponding to 
oligonucleotide sequences located within the nucleotide region" is not intended to be limited to full correspond- 
ence, but a few mismatches in the sequences may be acceptable as long as the annealing or hybridization of 
sequences is adequately specific. For example 5-6 nucleotide mismatches per 20 nucleotides in the sequences 
should give acceptable results. 

Yet another aspect of the invention is directed to a test kit for the detection of an infection caused by BVDV, 
comprising 

a) a first pair of primers according to the invention, 

b) optionally a second pair of primers according to the invention, 
and 

c) a probe according to the invention. 

The test kit may further contain a buffer of pH 8.3-8.6, each of the four dNTPs, an enzyme, such as Taq- 
polymerase. and other reagents needed for the use of the kit. In the test kit the probe may be in a hybridization 
solution or in water. The probe may further be in a labeled form. Advantageously the label is biotin-16-dUTP 
or digoxigenin-1 6-dUTP. All the items in the test kit are suitably in separate containers with specific labels. The 
test kit should be accompanied by written instructions for use. 



35 Short description of the drawings . 

Fig. 1 shows the result of a single PCR amplification of BVDV cDNA from cell cultures. 
Fig. 2 shows the results of double PCR amplification of BVDV cDNA from specimens of acutely diseased 
and of persistently infected cattle. 

40 

METHODS 



Cells and viruses. 



45 In order to estimate the specificity of the PCR method, we tested various strains of both biotypes of BVDV 

(kindly provided by Professors B. Liess and V. Moennig, Institute of Virology, Hannover Veterinary School, Han- 
nover, FRG) as well as six local isolates. The viruses were grown on bovine turbinate (BT) cell cultures. Bovine 
kidney and BT cells inoculated with bovine parvovirus, bovine herpesvirus-1, bovine coronavirus and para- 
influenzal virus strains were used as controls of specificity (Fig. 1). The cells were harvested when the 

so cytopathic effect (CPE) appeared. The noncp-BVDV strains were harvested after 6 days of incubation. The cells 
were dispersed by trypsinization, washed two times in PBS and the cell number was estimated. 



Clinical specimens . 



55 In order to estimate the diagnostic applicability of the PCR in the disease, organ specimens of acutely dis- 

eased calves and serum specimens of persistently infected cattle were tested. The organs were homogenized 
and 10% v/w suspensions were prepared in PBS. For comparison, the suspensions were tested in parallel by 
virus isolation and by PCR. 
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Conventional diagnostic procedures . 

Virus isolation from the specimens was made on BT cells, by performing two passages. 6 days each. The 
results were read by indirect immunofluorescence, using monoclonal antibodies prepared by Juntti et al. (1 987) 
and by immunoperoxidase method using polyclonal antibodies. 

Preparation of specimens for the PCR . 

The specimens were prepared for the PCR as follows. In order to destroy ceil membranes the cell and the 
organ preparates were three times frozen at -20°C. After the last thawing, 1 ml amounts of the specimens were 
centrifuged in an Eppendorf centrifuge at 500g for 5 minutes. The supernatants were recentrifuged at 5.000g . 
for 1 5 minutes. The pellets were discarded and the supernatants were pelleted at 50,000 rpm in a Kontron TST- 
50 rotor for 30 minutes at 15°C. The pellets were collected in TE buffer (10mM Tris pH 7.5 and 1mM EDTA). 
containing 1.5% SDS. Preinase K (Merck. Darmstadt, FRG) was added to have a final concentration of 100 to 
200 ug/ml and the specimens were incubated at 55 C C for 30 minutes. Subsequently, they were heated to 95°C 
for 10 minutes and the 10 to 20 ug fresh yeast RNA (USB Comp.. Cleaveland, Ohio. USA) was added as carrier 
RNA The samples were extracted twice with fenol/chloroform and precipitated with ethanol. The precipitates 
were pelleted at 14,000 rpm in an Eppendorf centrifuge for 20 minutes at 4°C. The pellets were dissolved in 
10 nl 0 5xTE buffer. In order to perform the reverse transcriptase reaction, the following materials were added 
to the 10 til RNA: 2 >il 10xPCR buffer (0.1 M Tris-HCI, pH 8.3; 0.5 M KCI. 25 mM MgCI 2 , 1 mg/ml BSA), 1 M l of 
each of the four dNTPs (10 mM stocks, Boehringer, Mannheim, FRG). 2 M l of reverse transcriptase primer (10 
uM stock). 1 ^il RNAsin (Pharmacia, Uppsala, Sweden), 1 \i\ reverse transcriptase enzyme (200 U/^l. Moloney 
MuLV, Bethesda Research Laboratories. Gathersburg, MD. USA). The specimens were allowed to stand at 
room temperature for 10 minutes, then incubated at 37°C for 90 minutes, subsequently heated to 98°C for 10 
minutes and then the cDNA products were chilled on ice. 

P rimers and probes . 

Six primers were selected, complementary to the published sequences of the gp48 region of the cytopathic 
NADL virus strain (Coltett et al., 1988). 

For the identification of the PCR products, three probes were designed. The probes corresponded to vari- 
ous regions between the two internal primers. 

The primer sequences, locations and functions as well as the oligonucleotide probe sequences and posi- 
tions on the BVDV genome are shown in Table 1 . The oligonucleotides were synthesized at the Research Gene- 
tics, Huntsville. AL. USA. The molecules were purified by reverse phase chromatography. The probes were 
labeled at the 5' end with => 2 P ATP by using polynucleotide kinase (Pharmacia. Uppsala. Sweden) according 
to Davis et al. (1986). Biotinylation of oligonucleotide probes was performed at the 3' end by using the TdT 
enzyme (Pharmacia, Uppsala, Sweden) in order to add a tail of biotin-16-UTP (Boehringer, Mannheim. FRG), 
according to Guitteny et al. (1988). In the hybridization assays the oligonucleotide probes were used in a final 
concentration of 200 ng/ml. 

A 310 base pairs (bp) probe, termed pBVDV, was also designed. This probe was synthesized in our laborat- 
ory by primer extension (see below). 

The first step of amplification (single PCR) was made by applying a single pair of primers. OBVD-5 and 
OBVD-6. The PCR product was diluted 1 to 1,000 in distilled water and 5 was used for the second amplifi- 
cation. Two new primers (OBVD-1 and OBVD-2) were designed to perform the second amplification step. The 
first and the second PCR were made in 32 cycles each. During the reactions, biotin-1 6-dUTP (Boehringer. Man- 
nheim, F.R.G.) was incorporated into the newly synthesized molecules. Thus, the biotin-labeling was done 
directly during the synthesis. The 310 bp probe was purified on G50 columns, and salmon sperm DNA was 
added to a final concentration of 0.75 mg/ml. Subsequently, the probe was heated to 95°C for 5 minutes and 
chilled on ice before use. Concentration of the probe was 500 mg/ml in the hybridization mixture. 

The conditions of amplification . 

The PCR was made by using 20 iaI cDNA (see above). 8\x\ 10 x PCR buffer (see above) 4 ^l of 10 pmole/1 
of upstream and downstream BVDV primers, respectively. 0.5 uJ (2.5 U) Tag polymerase (Amplilag. Perkin- 
Elmer Cetus. Norwalk, CT, USA), and water to 100 nl. PCR was performed by both a single pair and a double 
pair of primers (single and double PCR). The single PCR was made in 32 cycles in a DNA Thermal Cycler (Per- 
kin-Elmer Cetus). Each cycle included denaturation at 94°C for 45 seconds, primer annealing at 55 C C and 
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primer extension at 72°C for 1 minute each. In the single PGR the primers OBVD-5 and OBVD-6 were used. 
Double PCR was performed in order to increase the intensity of amplification. In double PGR a pre-amplification 
was made by using the external primers {OBVD-5 and OBVD-6) at an annealing temperature of 55°C in 32 
cycles. Then the second amplification step was performed by adding two internal primers (OBVD-7 and OBVD- 
5 8) to the specimens and the reaction was continued at an annealing temperature of 72°C in 32 cycles. The 
denaturation and the synthesis were made at the same temperatures as above. 

Identification of the PCR products . 

w To visualize the yield, 10 ul amounts of the PCR products were run on 2.5% agarose gels at 100 V for 45 

minutes. The gels were stained with ethidium bromide as described elsewhere (Maniatis et al., 1982). 

To control the specificity of the amplification the PCR products were simultaneously tested by DNA dot-blot 
hybridization and by Southern-blot hybridization. Filters were hybridized with the 32 P-labeled or with the bioti- 
nylated BVDV oligonucleotide probe in the same way as described elsewhere (Davis et al., 1986; Belak et al., 

is 1989; Ballagi-Pordany et al., 1990). 

RESULTS 

Elctrophoresis of the products of the single PCR . 

20 

By applying the single PCR, a product of 520 bp was detected on the gels (Fig. 1). Such a fragment was 
yielded by each specimen of the cell cultures which had been inoculated with various BVDV strains, but not 
by specimens of cell cultures infected with heterologous viruses (Fig. 1), 

When applying the single PCR, we have been unable to detect the viral RNA in each of the virus-infected 
25 organ homogenates tested (not shown). However, in the serum samples of the persistently infected animals 
the virus was detected even by the single method of amplification (Fig. 2). 

Electrophoresis of the products of the double PCR . 

30 By applying the double PCR, a band of 432 bp was seen on the gels. By the double amplification the virus 

signal was detected even in the organ homogenates (Fig. 2). 

Nucleic acid hybridization of the PCR products . 

35 The Southern blot hybridization as well as the dot-blot hybridization revealed that the bands had nucleic 

acid sequences specific for BVDV (Figs. 1 and 2). The hybridization studies showed a considerable variability 
of the various BVDV strains in the regions from where the OBVD-4 and the OBVD-4a probes were synthesized. 
At 44°C hybridization temperature the OBVD-4 probe recognized two local isolates and the NADL strain only 
(Table 2). By decreasing the temperature to 21 °C, three local isolates, as well as strains NADL, Singer and 

40 Borgen were recognized by the probe (not shown). This probe never reacted with the rest of the strains and 
with three non-cp local isolates. The OBVD-4a probe detected all strains at 44°C, but the intensity of the hyb- 
ridization signal varied strongly (Table 2). The pBVDV probe recognized each of the strains and showed a hyb- 
ridization signal of constant intensity (Fig. 1 and Table 2). 

45 Discussion of the results . 

The evidence obtained in the present study shows that specific and sensitive PCR assays can be 
developed to detect BVDV RNA sequences in cell cultures and in clinical material. The experiments show, that 
due to the heterogenity of the BVDV genome, it is not easy to design a PCR and hybridization system, which 
so is able to recognize all the variants of this virus, thus, may have a safe diagnostic applicability. 

The fact, that the 520 bp PCR product was amplified from all of the specimens infected with various BVDV 
strains indicate that the selection of primers was adequate in these experiments. The primers were also suitable 
for the detection of the virus from the clinical material. In the serum samples the virus had been detected by 
single PCR. This indicates that the virus amount was probably higher in the serum samples of persistently infec- 
55 ted animals than in the organs of acutely diseased calves. For the detection of the probably few viral copies in 
the organs, the double PCR provided a sensitive detection system. 

In contrast to the primers, the short, 21 bp probes were too specific. They were not sufficient for a wide- 
range detection of the various strains of BVDV. For example, the OBVD-4 probe recognized only the NADL 
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strain (from which its sequences originated) and two local isolates. S1 and S3. This indicates that in map regions 
from 1594 to 1616 S1 and S3 are more closely related to the NADL strain than the other isolates. The lack of 
hybridization to PCR products of the other strains show that OBVD-4 cannot be used as a general probe to 
detect BVDV infection. The high specificity of OBVD-4 was decreased by applying the lower stringency of 21 °C. 
which allowed five mismatches out of the 21 nucleotides. However, the probe still did not possess the spectrum 
required for diagnostic use. 

The hybridization results of BVDV-4a show that the nucleic acid sequences of this probe are more common 
in the various BVDV strains. However, the hybridization signals of varying intensity indicate heterologies even 
in the region of pBVD-4a. This probe can be used in the method of the invention, but for the time being it is not 
preferred as a general probe. 

The problem of too high specificity was solved by applying the long 310 bp probe, which allows more mis- 
matches than the short probes. (It is estimated that a good probe for the purposes of the present invention 
should comprise at least 100 nucleotides.) The large probe proved to be more practical for additional reasons. 
The direct incorporation of the biotinylated nucleotide provided a labeling method which was more simple, more 
effective and more economic than the end labeling of the short probes. 

The PCR, together with the simple non-radioactive hybridization assay, proved a novel direct detection 
method for the BVDV infection. By this method a confirmed direct diagnosis of BVDV infection is made within 
48 hours. The results show that the method is an appropriate alternative to the conventional techniques to detect 
BVDV infection. 



Table 1. Sequences of the synthetic oligonucleotides and their 
location along the BVDV genome 



Primers* 



OBVD 1 



Sequence 



Location and 



GTCATGAATA GAACCCAAGC C 



direction 
1473 - 1493 > 



OBVD 2 



TCCTTGTCTG GCACCTTCTA A 



< 1763 - 1783 



35 



OBVD 5 GGTATGATGG ATGCAAGTGA G 



1362 - 1382 > 



OBVD 5 AAGCAGCGTA 7GCTCCAAAC C 



< 1360 - 1380 



40 OBVD 7 ACTTCAACGC CATGAGTGGA ACAAGCATGG 1405 - 1434 



45 



50 



OBVD 8 CTTTTTTCCT AGTATCCCGA GCTGCTTGCC < 1808 - 1837 



55 
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Probes 



Sequence 



Location and 



OBVD 4 



ACCCTTAACA GGTTGCAAGA A 



direction 
1594 - 1614 > 



20 



25 



35 



OBVD 4a 
BVDV 



GTTCTTTCCT 

GTCATGAATA 
GAGGGACAAC 
ACTTGTAGGT 
AACGTGGTAA 
ACACCCTTAA 
AACTTCTCCT 
GGCCCCTGCA 
GATGTATTAT 
AGTATGTTCC 
GTTGACGGGT 
GCCAGACAAG 



TTCTTGCAAC 

GAACCCAAGC 
CACCAAGGGA 
ATGATAGGGC 
CACAAGCTAG 
CAGGTTGCAA 
TTGCAGGGAT 
ACTTTGAAAT 
TCAAAGAACA 
AGGATACCAC 
TGACCAACTC 
GA. 



CAATCTCACT 
GTGCGCAGTC 
TAGTGACTTA 
AGATAGCCCC 
GAAAGGAAAG 
ATTGATGCGG 
AGCTGCAAGT 
TGAACGGATT 
TCTTTACCTT 
CTTAG AAGGT 



< 1604 
1473 



1624 
1783 



^ Functions of primers: 

30 OBVD 1 and OBVD 2: primers for synthesis of the large probe 

pBVD 



OBVD 5 and OBVD 6: external primers 



OBVD 7 and OBVD 8: internal primers 



4Q OBVD 6 : also used as reverse transcriptase primer 



45 



55 
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Table 2. Detection range of the probes. Single PCR was 

performed with cell culture specimens inoculated 
with various virus strains. When tested in 
electrophoresis, in each The PCR products 
were blotted and hybridized at 44°C with the 
various probes. 

.Virus strains Cp effect Hybridization with probe 

and isolates A B C 



A-1138/69 + NT NT + 

NADL + + + + 

New York - +* + 

OregonC24V + NT NT + 

Osloss2482 + NT NT + 

Singer + +* + 

Ug5* + - + + 

0715/80 - NT NT + 

Si** 4- + + 

52 - +* + 

53 + + + 

54 + + 

55 + * + 

56 + + 



A , probe OBVD-4 ; B, probe 0BVD-4a; C, probe pBVDV 
* weak hybridization signal 
** Swedish isolates 
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Table 3. Detection of BVDV genomic sequences in clinical 
specimens. Number of positive cases versus total 
number of specimens examined by virus isolation 
and by the PCR. 



10 



Specimens 
from cows 



Virus 
isolation 



PCR 
single 



PCR 
double 



20 



25 



From acute cases 

lungs 1/4 

spleen 2/5 

placenta 0/2 



0/4 
0/5 
0/2 



2/4 

2/5 
0/2 



From chronic cases 

30 serum 5/8 



4/8 



5/8 



35 



total 



8/19 



Detailed description of the drawings. 
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Fig 1. Single PCR amplification of BVDV cDNA from cell cultures. A and C, electrophoresis of the PCR 
40 products of cell infected with BVDV strains NADL (A1), Ug59 (A2), Singer (A3), Oregon (A4), New York (A5), 
Osloss (A6) ( A-1 1 38/69 (C1 ), 01 75 (C2) and 303/89 (C3). PCR products from cells infected with parainfluenza-3 

virus (C4), parvovirus (C5), bovine coronavirus (C6) and bovine herpesvirus-1 (C7). DNA size marker 4*X- 
174-RF/Haelll digest is seen in positions A7 and C8. B and D, dot blot hybridization of the same cell culture 

45 samples with the pBVDV probe. 

Fig. 2. Double PCR amplification of BVDV cDNA from specimens of acutely diseased and of persistently 
infected cattle. A, electrophoresis of the PCR products of serum specimens of persistently infected cattle posi- 
tive in virus isolation (1 and 2) and negative in virus isolation (3). Organ homogenates of acutely infected cattle 
positive (4 and 6) and negative (5 and 7) in virus isolation. DNA size marker in position 8 is the same as in Fig. 

so 1. 
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Claims 



1 A method of detecting an infection caused by a specific type of virus in a biological specimen, whereby 
said specimen is treated in a per se known manner for the purification of viral RNA and transcription of a 
selected RNA sequence to the corresponding cDNA. followed by a first amplification of said cDNA by the 
polymeraee chain reaction (PCR) using a first pair of primers, optionally dilution of the PCR product and 

40 optionally a second amplification of said cDNA by PCR. then said type of virus is identified by hybndizing 

said amplified cDNA with a labeled probe specific for said type of virus and possibly formed hybndes are 
detected with the aid of the label used, characterized in that the specific type of virus is bovine viral diarrhea 
virus (BVDV) and that the first pair of primers, the optional second pair of primers and the probe are all 
selected from synthetic oligonucleotide sequences corresponding to oligonucleotide sequences located 

45 within the gp48 nucleotide region of 1362 to 1880 of the BVDV genome. 

2 A method according to claim 1 . characterized in that the first pair of primers consist of 19 to 23 nucleotidee 
each, the second pair of primers consist of 27 to 32 nucleotides each and that the number of nucleotides 
in each of the second pair of primers is at least 8 more than in each of the first pair of primers. 

50 

3. A method according to claim 2. characterized in that the primers are selected from the group consisting 
of 
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GGTATGATGG ATGCAAGTGA G 
AAGCAGCGTA TGCTCCAAAC C 
ACTTCAACGC CATGAGTGGA ACAAGCATGG 

5 

CTTTTTTCCT AGTATCCCGA GCTGCTTGCC . 

4. A method according to anyone of claims 1-3, characterized in that the probe is 

10 GTCATGAATA GAACCCAAGC CAATCTCACT 

GAGGGACAAC CACCAAGGGA GTGCGCAGTC 
ACTTGTAGGT ATGATAGGGC TAGTGACTTA 
AACGTGGTAA CACAAGCTAG AGATAGCCCC 
ACACCCTTAA CAGGTTGCAA GAAAGGAAAG 
AACTTCTCCT TTGCAGGGAT ATTGATGCGG 
GGCCCCTGCA ACTTTGAAAT AGCTGCAAGT 
GATGTATTAT TCAAAGAACA TGAACGGATT 
AGTATGTTCC AGGATACCAC TCTTTACCTT 
GTTGACGGGT TGACCAACTC CTTAGAAGGT 
25 GCCAGACAAG G A . 

5. A primer selected from synthetic oligonucleotide sequences corresponding to oligonucleotide sequences 
located within the gp48 nucleotide region of 1 362 to 1 880 of the BVDV genome. 

30 6. A primer according to claim 5, characterized in that it is selected from primers consisting of 19 to 32 nuc- 
leotides. 

7. A primer according to claim 6, characterized in that it is selected from the group consisting of 

35 GGTATGATGG ATGCAAGTGA G 

AAGCAGCGTA TGCTCCAAAC C 
ACTTCAACGC CATGAGTGGA ACAAGCATGG 
CTTTTTTCCT AGTATCCCGA GCTGCTTGCC. 

40 

8. A probe selected from synthetic oligonucleotide sequences corresponding to oligonucleotide sequences 
located within the gp48 nucleotide region of 1362 to 1880 of the BVDV genome. 

45 9. A probe according to claim 8, characterized in that it is 
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GTCATGAATA GAACCCAAGC CAATCTCACT 
GAGGGACAAC CACCAAGGGA GTGCGC AGTC 
ACTTGTAGGT ATGATAGGGC TAGTGACTTA 
AACGTGGTAA CACAAGCTAG AGATAGCCCC 
ACACCCTTAA CAGGTTGCAA GAAAGGAAAG 
AACTTCTCCT TTGCAGGGAT ATTGATGCGG 
GGCCCCTGCA ACTTTGAAAT AGCTGCAAGT 
GATGTATTAT TCAAAGAACA TGAACGGATT 
AGTATGTTCC AGGATACCAC TCTTTACCTT 
GTTGACGGGT TGACCAACTC CTTAGAAGGT 
GCCAGACAAG GA . 



10. A test kit for the detection of an infection caused by BVDV. comprising 
a) a first pair of primers according to anyone of claims 5-7, 
20 b) optionally a second pair of primers according to anyone of claims 5-7. and 

c) a probe according to anyone of claims 8 or 9. 
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